Background and Main results {#Sec1}
===========================

The *N*-dimensional isentropic compressible Euler equations with a damping term are written as$$\documentclass[12pt]{minimal}
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                \begin{document}$$u(t,x):[0,\infty )\times \mathbb {R}^N\rightarrow \mathbb {R}^N$$\end{document}$ represent the density and the velocity of the fluid respectively. *p* represents the pressure function, which is given by$$\documentclass[12pt]{minimal}
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                \begin{document}$$\alpha \ge 0$$\end{document}$ is the damping coefficient.

System ([1](#Equ1){ref-type=""}) is one of the most fundamental equations in fluid dynamics. Many interesting fluid dynamic phenomena can be described by system ([1](#Equ1){ref-type=""}) (Lions , [@CR1]; Lions , [@CR2]). The Euler equations $\documentclass[12pt]{minimal}
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                \begin{document}$$(\alpha =0)$$\end{document}$ are also the special case of the noted Navier--Stokes equations, whose problem of whether there is a formation of singularity is still open and long-standing. Thus, the singularity formation in fluid mechanics has been attracting the attention of a number of researchers (Sideris [@CR4]; Xin [@CR5]; Suzuki [@CR3]; Lei et al. [@CR6]; Li and Wang [@CR7]; Li et al. [@CR8]).

Among others, we mention that in 2003, Sideris--Thomases--Wang (Sideris et al. [@CR9]) obtained results for the three dimensional compressible Euler equations with a linear damping term with assumption $\documentclass[12pt]{minimal}
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                \begin{document}$$\gamma >1$$\end{document}$. They discovered that damping prevents the formation of singularities in small amplitude flows, but large solutions may still break down. They formulated the Euler system as a symmetric hyperbolic system, established the finite speed of propagation of the solution, and some energy estimates to obtain local existence as well as global existence of the solution. For larger solution, they showed that the solution will blow up in a finite time by establishing certain differential inequalities.

In this article, we consider the one dimensional case of system ([1](#Equ1){ref-type=""}):$$\documentclass[12pt]{minimal}
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**Theorem 1** {#FPar1}
-------------
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*Remark 2* {#FPar2}
----------

The ordinary differential equation (O.D.E.) ([6](#Equ6){ref-type=""}) will be analyzed in section 2 and it is well-known by the theory of ordinary differential equations that the solutions of system ([7](#Equ7){ref-type=""}) exist and is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$C^2$$\end{document}$ as long as *f* and *g*, which are functions of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ddot{a}$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\dot{a}$$\end{document}$ and *a*, are continuous.

**Theorem 3** {#FPar3}
-------------

*For the family of exact solutions in Theorem*[1](#FPar1){ref-type="sec"}, *we have the following five cases.(i)If*$\documentclass[12pt]{minimal}
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Moreover, we show that the singularity formations in the cases *iii*), *iv*) and *v*) above are of essential type in the sense that the singularities cannot be smoothed by redefining values at the odd points. This is an improvement of the corresponding results in Yuen ([@CR10]).
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Analysis of an O.D.E. {#Sec2}
=====================

Consider the following initial value problem.$$\documentclass[12pt]{minimal}
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**Lemma 6** {#FPar6}
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*Proof* {#FPar7}
-------
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**Lemma 7** {#FPar8}
-----------
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*Remark 8* {#FPar10}
----------
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Proofs of the Theorems {#Sec3}
======================

*Proof of Theorem 1* {#FPar11}
--------------------

We divide the proof into steps.

**Step 1.** In the first step, we show a lemma.

**Lemma 9** {#FPar12}
-----------
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*Proof of Lemma 9* {#FPar13}
------------------
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Next, we prove Theorem [3](#FPar3){ref-type="sec"} as follows.
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*Proof of Theorems 4 and 5* {#FPar15}
---------------------------
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Conclusion {#Sec4}
==========

The complicated Euler equations with a damping term ([1](#Equ1){ref-type=""}) do not have a general solution in a closed form for arbitrary well-posed initial value problems. Thus, numerical methods and algorithms such as the finite difference method, the finite element method and the finite volume method are applied by scientists to simulate the fluids for applications in real world. Thus, our exact solutions in this article provide concrete examples for researchers to test their numerical methods and algorithms.
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